O ral human papillomavirus (HPV) infections have been detected in a subset of oropharyngeal cancers. [1] [2] [3] These HPVassociated cancers are etiologically distinct from other head and neck cancers and have been increasing in incidence in many developed countries. 4, 5 Approximately half or more of oropharyngeal cancers are now associated with HPV infection in North America, South America, and Europe. 5, 6 However, studies have suggested strong geographic heterogeneity in the prevalence of HPV-associated oropharyngeal cancers. 6, 7 Recent estimates suggest less than a quarter of oropharyngeal cancers in Central America and other less developed areas are associated with HPV infection, 6 and the estimated number of HPV-associated oropharyngeal cancers in Central and South America is considerably lower than North America. 8 This is in stark contrast to HPVassociated cervical cancers, which have a high burden in Central America and are currently found in less developed settings due to lack of adequate screening.
Compared with cervical HPV infection, our current understanding of the epidemiology of oral HPV infection is limited, especially in less developed settings, where HPV-associated oropharyngeal cancer appears to be less prevalent. 8 In line with observed geographic trends in HPV-associated oropharyngeal cancer, a recent cross-sectional study from our group reported a low prevalence of oral HPV DNA among Costa Rican women in their 20s (2%), 9 which is below the US national estimate of~4% in US women in their 20s. 10 Additionally, when comparing oral and cervical HPV DNA within this same population of Costa Rican women, cervical HPV DNA was roughly 15 times more common than oral HPV DNA (~30% vs~2%), 9 suggesting that the epidemiology of HPV infection varies greatly by anatomic site.
Few longitudinal studies of oral HPV have been conducted to date [11] [12] [13] [14] [15] and again, mostly in US populations. These studies suggest that the majority of oral HPV infections clear within 1 to 2 years, [11] [12] [13] [14] but a subset appear to persist for several years. 11 However, little is known about the natural history of oral HPV in Central America and, to our knowledge, no long-term study to date has directly compared the natural history of cervical and oral HPV within the same population. Therefore, we conducted a 2-year longitudinal study of oral and cervical HPV nested within the Costa Rica Vaccine trial (CVT), 16 which is conducted within a Latin American country with no reported data on oral HPV natural history. The aim of this study was to examine natural history of oral HPV and to compare it to the natural history of cervical HPV within a population of healthy Costa Rican young women.
MATERIALS AND METHODS

Study Population and Design
This study was nested within the CVT, a 4-year phase III double-blind, randomized controlled trial evaluating the efficacy of the prophylactic bivalent HPV16/18 virus-like particle vaccine. 16 Women eligible for inclusion within this trial were aged 18 to 25 years, generally healthy, not pregnant or breastfeeding, willing to use contraception during the vaccination period, and willing to provide informed consent. The CVT was originally designed to evaluate vaccine efficacy against persistent cervical HPV16/18 infection and associated precancerous lesions, as previously described. 16 The trial was reviewed and approved by human subjects review committees of INCIENSA (Instituto Costarricense de Investigacion y Enseñanza en Nutrición y Salud) in Costa Rica and the National Cancer Institute in the United States. The trial is registered at clinicaltrials.gov, identifier NCT00128661.
All sexually experienced women provided a cervical specimen for HPV testing at each visit of the CVT. At the 4-year blinded visit (hereby called the 4-year visit), all women (N = 6,351) in the both the HPV vaccine arm and the control arm were asked to provide an oral sample and were administered a questionnaire which included questions about oral sex behavior (Fig. 1) . 9 α oral HPV detection was rare, occurring in 1.9% of the population at this visit. 9 At a subsequent visit, women in the control arm were offered the HPV vaccine. Afterward, the CVT women living in Guanacaste were followed for an additional 2 years in the "longterm follow-up study" (LTFU). 17 At the LTFU follow-up visit, 2 years later (hereby called the 6-year visit), a follow-up questionnaire was administered and the oral collection was restricted to 350 women who had an α mucosal or β cutaneous oral HPV DNA detected at 4 years and attended the 6-year visit. The 66 women who attended the 6-year and had α mucosal oral HPV DNA (82 HPV types total) at 4 years were included in the 6-year visit primarily to examine oral HPV persistence. The other 284 women with only β oral HPV DNA at the 4-year visit were included primarily to expand the sample size for examining the incidence of α oral HPV (Fig. 1) . Only a subset of 500 women were tested for β cutaneous HPV at the 4-year visit, and our previous study found that it was not associated with sexual behavior, but was associated with having concurrent α mucous oral HPV DNA. 9 Finally, to evaluate the impact of oral hygiene and food/beverage consumption on oral specimen collection, an additional oral sample was collected the morning after the 6-year visit among a subset of these women (N = 162 of 350; the oral re-test visit). 17 
Specimen Collection and Laboratory Analyses
Oral specimens were collected using a 30-second rinse and gargle with Scope mouthwash (Procter and Gamble Company, Cincinnati, OH) at the 4-and 6-year visits. 9, 18 Oral rinse samples were collected throughout the day for these participants, and had no restrictions in eating, drinking, or oral hygiene requirements before the collection. However, for the oral re-test visit (morning after the 6-year visit), participants were instructed to not eat, drink, Figure 1 . Natural history of oral HPV infection in young Costa Rican women.^Beta oral HPV infection was only tested for in a subset of 500 women at the 4-year visit (see Lang Kuhs et al, JID2013;208(10):1643-1652 for further details). *Two women from the HPV arm and one from the control arm were oral HPV negative at the 4-year visit, but were retested at the 6-year visit. Thus in total there were 350 women tested for oral HPV at the 6 year visit, 162 from the HPV vaccine arm and 188 from the control arm. or brush their teeth before collection of the oral rinse in the morning. Oral rinses at the re-test visit were all self-administered at participant's homes, and participants were instructed to keep their sample in a (~4°C) refrigerator until collection by study staff. Specimens from each visit were kept between 2°C and 8°C until same-day processing at the local laboratory. 9 Samples were centrifuged at 3000g for 10 minutes; the resulting pellet was washed with 10-mL saline solution, centrifuged, and resuspended in 1 mL of saline solution and frozen in liquid nitrogen tanks until testing. At the 4-and 6-year visits exfoliated cervical cells for liquid-based cytology and HPV DNA testing were also collected. They were collected with a Cervex brush by firmly rotating the brush 360 degrees around the cervical os five times as previously described.
DNA from each oral and cervical specimen was extracted via the MagNAPure LC DNA isolation procedure (Roche Diagnostics) as previously described. 19 All of the extracted DNA samples were then tested for α HPV DNA by PCR amplification using the HPV SPF 10 PCR-DEIA (DNA enzyme immunoassay)-LiPA 25 (Line probe assay) version 1 system (Labo Biomedical Products, Rijswijk, The Netherlands), which uses SPF 10 9, 20, 21 To increase the sensitivity of type-specific detection of HPV-16 and HPV-18 using the SPF 10 DEIA system, all oral specimens that were SPF 10 PCR/DEIA-positive, as well as a convenience sample of onethird of all samples (as part of quality control), were tested for the presence of HPV-16 or HPV-18 using type-specific primers detected by the TS16 and TS18 DEIA system; for cervix samples, all specimens positive for HPV DNA using SPF 10 DEIA but negative for HPV-16 or HPV-18 by LiPA 25 were additionally tested with type-specific primers/probes. 9 At the 4-year visit only, a subset of the oral rinse specimens (n = 500) were also tested for the presence of cutaneous β, γ, μ and nu HPV types via PCR detection and a reverse-hybridization assay for typing. 9 
Statistical Analysis
Oral and cervical HPV types were defined as having any of the 25 characterized α HPV types by the LiPA 25 line probe assay. Types were subclassifed into carcinogenic (16, 18, 31, 33, 35 , 39, 45, 51, 52, 56, 58, 59); or noncarcinogenic (6, 11, 34, 40, 42 , 43, 44, 53, 54, 66, 68/73, 70, and 74) HPV types. Samples that were positive by DEIA PCR, but were not positive for any of the 25 characterized α types, were considered to be "uncharacterized" and were not considered in the persistence or incidence analyses.
Study participant characteristics of the 350 female participants included in this longitudinal study were described and compared to the population of women that provided an oral rinse at the 4-year visit using chi-square, Mann-Whitney and the KolmogorovSmirnov tests. HPV DNA was described on a type-specific level basis, with HPV persistence defined as a type-specific DNA that was detected at the 4-year visit and subsequently detected 2 years later at the 6-year visit. Risk factors for oral HPV persistence were calculated on a type-specific level using generalized estimating equations with a logistic link using an exchangeable correlation structure to account for the correlation between multiple HPV DNA types within a single woman. 22 Oral sex was defined as a woman putting her mouth on her partner's genitals (almost all men).
Incident α oral HPV DNA types were defined as a characterized type-specific DNA type that was detected at the 6-year visit that was not observed at the 4-year visit. Given that women with an oral HPV type are still at risk of acquiring a different oral HPV type, they were included in this analysis. Type-specific concordance between the 6-year visit and the oral retest visit visits was evaluated using percent agreement and Kappa statistics with 
RESULTS
Study Participant Characteristics
This study included 350 women who had α or cutaneous β oral HPV DNA at the 4-year visit and whom were subsequently retested for oral α HPV 2 years later (6-year visit; Fig. 1) ; 66 of the 350 women had at least 1 characterized α oral HPV DNA type at 4-year visit, with 12 having multiple oral HPV types. The median age at 4-year visit was 26 (interquartile range [IQR], 24-28), most never smoked (82%), were married (58%), ever used oral contraceptives (84%), had a previous pregnancy (74%), and had a history of oral sex (60%, Table 1 ). The majority of women who had performed oral sex only had 1 lifetime oral sex partner (63%) and had never performed oral sex until 1 or more years after the date of their first vaginal sex (88%). The median age of first vaginal sex was 17 (15) (16) (17) (18) (19) years, and the median age of first oral sex was 21 (IQR = [19] [20] [21] [22] [23] [24] . Approximately half of participants had oral sex between the 4-year and 6-year visit.
The 350 women included in this study were similar to the other 5488 women who were not resampled at 6-year visit with respect to age, marital status, smoking status, lifetime number of sexual partners, and oral contraceptive use (all P values >0.10, Table 1 ). They were also similar in the number of recent and lifetime oral sex partners (P values > 0.10). However, the 350 women in this study were significantly more likely to be cervical HPV positive at the 4-year visit, and more likely to have chronic sinusitis (P values < 0.05, Table 1 ).
Oral HPV Persistence
Among the 82 characterized α oral HPV DNA detected at the 4-year visit, 14 persisted and were detected 2 years later We next examined factors associated with oral HPV persistence among the 82 characterized α oral HPV. Older age was significantly associated with an increased odds of persistence (OR, 1.53 per each increased year of age; 95% CI, 1.12-2.10%; Table 3 ), because almost all of the persistent oral HPV were restricted to individuals who were 28 years of age or older when their infection was first detected. Never (OR, 13.49; 95% CI, 1.96-92.93%) and former use (OR, 6.10; 95% CI, 1.19-31.38%) of oral contraceptive was also associated with increased oral HPV persistence compared with current use.
Although the majority of oral HPV DNA were detected among those with a history of oral sex, oral HPV types detected among those reporting never having oral sex were more likely to persist (OR, 4.28; 95% CI, 1.27-14.41%). Smoking status, marital status, lifetime number of sex partners, chronic sinusitis, and vaccine status were not associated with oral HPV persistence (all P values > 0.10; Table 3 ).
Oral Versus Cervical HPV Persistence
Among the 350 women in this study, 223 had a detectable cervical HPV infection at the 4-year visit. Women who had a cervical HPV infection and an oral HPV infection at the 4-year visit were significantly more likely to clear their oral HPV infection (OR, 0.15; 95% CI, 0.04-0.61%; Table 3 ) by the 2-year visit compared to women who did not have a cervical HPV infection. None of the 31 women who had the same type-specific infection at the cervical and oral sites had their oral HPV infection persist to the 6-year visit.
Among cervical HPV detected at the 4-year visit, 40 of the 223 (17.7%; 95% CI, 13.1-23.9%; Table 2 ) were detected at the 6-year visit, which was similar to the oral HPV persistence in this population (17.6%; P = 0.86). Cervical and oral HPV persistence were also similar when restricting to carcinogenic (19.7% vs 15.4%, P = 0.48) and noncarcinogenic types (14.9% vs 20.5%; P = 0.54, Table 2 ). The percentage of persistent cervical HPV in our study was also similar to the cervical HPV persistence in the overall source population of 5832 women from the overall CVT (17.7% vs 16.5%; P = 0.62).
Oral HPV Incidence and Oral Rinse Agreement in the Retest Visit
Among the 350 women in this study, there were 6 incident α oral HPV DNA types detected among 6 women (1.71%; 95% CI, 0.63-3.69%). This included 3 carcinogenic (HPV16, 2 HPV51) and 3 noncarcinogenic types (HPV 53, 70, 68/73), with 2 in the vaccinated arm and 4 in the control arm (including one with oral HPV16 DNA).
Among the 162 women who provided an oral rinse in the morning before any oral hygiene/eating/drinking (retest visit), 145 had the same oral HPV status as the previous day (either consistently positive or negative). This amounted to a percent agreement of 89.5%, and a κ of 0.32 (95% CI, 0.07-0.56%). There were 22 women with a detectable oral HPV DNA at the 6-year visit or the retest visit, 5 had the same oral HPV type at both visits, 3 had different oral HPV types at the 2 visits, 3 were only detected at the 6-year visit, and 11 were only detected at only the re-test visit (Table 4 ). In total, there were twice as many individuals with oral HPV DNA detected in the retest visit versus the 6-year visit (22 vs 11 infections, P = 0.01).
DISCUSSION
In this study of young women from Costa Rica, oral HPV detection was rare, and when detected, the oral HPV types did not usually persist for 2 years. In addition, we found that oral HPV commonly clears at a similar rate as cervical HPV. This suggests that the higher cervical cancer burden in Costa Rica, and other countries may be more driven by the considerably higher risk of acquisition of cervical HPV compared with oral HPV rather than differences in clearance.
This study found that over three quarters of the prevalent oral HPV types are not detected 2 years later. This estimate is similar to other estimates, predominately from the US-based studies. [11] [12] [13] [14] [15] Although these studies have suggested that oral HPV DNA can occasionally persist for several years, persistent oral HPV infections appear to more commonly occur in men, smokers, and older individuals. 11, 14, 15 Our study similarly found oral HPV persistence to be associated with older age, which may be the results of infections in older women reflecting longerterm persistent infections (i.e., left truncation) which in turn are more likely to continue to persist, a phenomenon described in the cervix. One may also postulate that a decline in immune function with age may reduce the ability to clear infections, but our age span is relatively small, making this an unlikely explanation. 11, 14, 15 However, this study did not observe a strong association with smoking status, which has been observed in larger studies. 11 To our knowledge, we are the first to observe an association between not using oral contraceptives and oral HPV persistence. This is in contrast to the cervical HPV literature, which has suggested that current oral contraceptive use is positively associated with cervical HPV persistence. 23 However, we should note that this study had a limited number of persistent oral HPV infections detected, and thus we could not conduct more robust adjusted analyses.
This study also found the persistence of oral and cervical HPV infection to be similar, despite having very large differences in acquisition. Although, this is, to our knowledge, the first longerterm comparison of oral and cervical HPV persistence, our finding does support a short-term US study that suggested that the 6-month persistence for oral and cervical HPV infection may be Oral HPV− 11 140 Agreement = 89.5% κ = 0.32 (95% CI, 0.07-0.56) HPV+ agreement = 45.5%; HPV− agreement = 92.7% *There were 22 infections detected among the 19 oral HPV+ women in the LOR visit, and 11 infections detected among the 11 oral HPV+ women at the 6-year visit (P = 0.01). † All 6 women who are classified as oral HPV+ at the 6-year visit and oral HPV− at the re-test visit did not have the same type-specific oral HPV DNA type present at the 6-year visit. However, 3 of these 6 women did have a different oral HPV type detected at the retest visit that was not present at the 6-year visit. similar in women. 24 However, further study across anatomic sites is necessary because differences in persistence are quite possible given local immunologic differences. 25 Indeed, a previous study suggested a higher persistence of anal HPV infection than oral HPV infection in HIV-infected individuals from the United States. 14 As expected, this study observed a low incidence of oral HPV in these young Costa Rica women. This low incidence is likely the primary driver behind the approximately 15 times lower oral HPV prevalence compared with cervical HPV prevalence in this population. 9 There are likely several explanations for this low incidence. Previous studies have suggested that oral HPV incidence is lower among women potentially because the risk of oral HPVacquisition is lower when performing oral sex on a man compared with a woman. 11, 26 Additionally, the incidence may be particularly low in this population given that many women in this study appear to have first initiated oral sex years after vaginal sex. Thus, it is possible that these women may have developed natural HPV immunity from their cervical HPV infection, which may protect them against subsequent oral HPV acquisitions. 27 Third, many of the women in this study were HPV16/18 vaccinated, likely explaining the low number of oral HPV16/18 infections detected (as oral HPV16 is often the most common type in unvaccinated populations). 10 Finally, it is possible that the oral HPV prevalence and incidence may be artificially low due to modest sensitivity of the oral rinse. Previous studies have suggested that only about half of individuals with HPV-associated oropharyngeal cancer have detectable oral HPV infection via the oral rinse. 28 This study suggests that procedures for oral HPV collection could have an impact on the sensitivity, as we detected twice as many oral HPV infections when requiring participants to provide their oral rinse sample in the morning before any drinking, eating, or oral hygiene. Although, we should note this is based on a small number of infections (22 vs 11). Although studies have suggested similar shortterm HPV type-specific agreement for repeat sampling by the oral rinse 29, 30 compared with anal HPV (swab) and cervical HPV (brush) infections, [31] [32] [33] it is possible that oral hygiene or other behaviors maybe limit the sensitivity of the oral rinse. Indeed, a recent study suggested a nonsignificantly higher sensitivity for their pretoothbrush abrasion oral rinse samples compared with their posttoothbrush abrasion oral rinse samples. 34 There were several limitations to this study. Given the low frequency of oral HPV in this population, we had a limited numbers to examine persistence and were limited to univariate analyses for risk factors for oral HPV persistence. It is possible that some of the detections of oral HPV DNA represented deposition rather than established infection, as those reporting oral sex in this study were more likely to clear their HPV "infection" by follow-up. Additionally, we were limited to only 1 follow-up visit 2 years after the baseline visit for oral HPV collection to examine persistence and incidence. Thus, some of the infections may represent reinfections and we may have missed many short-term infections between visits and may have underestimated the persistence given the potential limited sensitivity of the oral rinse for collection. Although HPV vaccination is not known to impact HPV persistence, it is possible that there could be differences to other nonvaccinated populations. There were also a number of strengths to this study because it is one of the first long-term oral HPV natural history study in the developing world. This study used validated laboratory and statistical techniques and is also one of the first studies to compare the natural history of oral HPV and cervical HPV infection.
This study suggests that oral HPV infection is uncommon in young women in Latin America, and is likely to clear within a few years when it occurs. The rate of oral HPV clearance is highly similar to cervical HPV clearance, suggesting that the considerably higher burden of cervical cancer compared with oropharyngeal cancer in Latin America may be much more driven by a large difference in acquisition.
